Background. To study the development of dynamic subaortic obstruction in young patients with hypertrophic cardiomyopathy (HCM), serial echocardiograms were retrospectively analyzed in a group of 26 consecutive children with this disease who showed no evidence of dynamic outflow obstruction at their initial evaluation (age, 11±3 years).
thickness previously identified by serial two-dimensional echocardiography in children with HCM'4' 5suggested to us the hypotheses that 1) subaortic obstruction might also develop during this period of rapid growth and important modifications in left ventricular structure and geometry, and 2) specific morphological changes that can be identified by echocardiography might be associated with (and are probably causally related to) the development of outflow obstruction. Therefore, the present investigation was undertaken to determine whether dynamic subaortic obstruction can develop de novo in young patients with HCM and to define the morphological changes that characterize and may contribute causally to the occurrence of this phenomenon.
Methods

Selection of Patients
The case records of the Cardiology Branch of the National Heart, Lung, and Blood Institute from 1979 to 1989 were reviewed. During this period, 107 patients with HCM c15 years of age were evaluated. Of these 107, 63 patients were excluded because the initial echocardiographic evaluation already showed moderate to severe systolic anterior motion (SAM) of the mitral valve (grades 2-4+, as defined below). Therefore, 44 patients showed no evidence of dynamic subaortic obstruction under basal conditions on their initial echocardiographic examination, i.e., no or only mild SAM (grades 0 or 1+, as defined below). Of these 44 patients, three were excluded because they demonstrated intermediate degrees of SAM (grade 2+, as defined below) at the most recent evaluation. This judgment was based on the fact that patients with moderate SAM do not have resting subaortic obstruction but may show important intraventricular gradients with provocative maneuvers,8 thus creating ambiguity in ascertaining whether subaortic obstruction had developed in these three patients. In addition, 14 other patients were excluded because echocardiographic follow-up was less than 3 years, and one other was excluded because the echocardiographic studies were of suboptimal technical quality. Thus, the remaining 26 patients with HCM constitute the present study group 18, [20] [21] [22] For the anterior ventricular septum, maximum wall thicknesses were assessed at both its basal (region extending from cardiac base to the inferior margins of the anterior mitral leaflet) and distal (region caudal to the mitral leaflets) segments. For other regions of left ventricle, the portion with the greatest thickness (whether situated at the basal or distal level) was reported as the maximal thickness of that segment.
In each patient, changes in wall thickness were assessed by comparing the same left ventricular segment in the initial and most recent echocardiogram. Wall thickness was considered to have changed when maximal thickness of the same segment showed a difference of .5 mm between the two studies.14 M-mode. M-mode echocardiograms were derived from the two-dimensional image under direct anatomic visualization. Cardiac dimensions were assessed according to the criteria of the American Society of Echocardiography.23 Mitral valve position index was calculated at the onset of systole by dividing the distance between mitral valve and posterior left ventricular free wall endocardium by the distance between the mitral valve and ventricular septal endocardium.5 Transverse left ventricular outflow tract dimension was measured as the distance between the mitral valve and the ventricular septal endocardium at the onset of systole (point of mitral valve closure) (see Figure 1A' 
Changes in Mitral Systolic Anterior Motion
During the follow-up period, seven of the 26 study patients (27%) developed marked SAM with mitralseptal contact (brief in four and prolonged in three), and therefore were considered to have developed subaortic obstruction ( Figure 1) . Also, at the most recent evaluation, continuous-wave Doppler examination performed in six of these seven patients confirmed the presence of subaortic obstruction by showing increased peak outflow tract velocity ranging from 3.1 to 4.5 m/second (estimated peak instantaneous outflow gradient, 38-81 mm Hg) ( Figure 1 ).
The other 19 study patients (73%) did not show SAM at any time during follow-up. Continuous-wave Doppler examination performed in 17 of these patients at the most recent evaluation showed normal left ventricular outflow tract velocities in each case (<1.8 m/sec; mean, 1.5+±0.3 mlsec). These 19 patients without development of subaortic obstruction during follow-up served as a control group for the purpose of morphological comparisons.
Progression of Left Ventricular Hypertrophy
At the initial evaluation, patients who either did or did not subsequently develop SAM showed no significant differences with respect to magnitude and distribution of left ventricular hypertrophy (Table 1) . However, over the follow-up period, 23 (Figure 2 ). However, no differences were observed between the two groups regarding increase in thickness of any other left ventricular segment (or the overall magnitude of hypertrophy as expressed by the mass index) during follow-up ( Figure 2) . As a consequence of this dissimilar progression in left ventricular hypertrophy between the two groups, the basal anterior septum was significantly thicker at the most recent evaluation in patients with than in patients without development of SAM, but no differences were observed in the ultimate thicknesses of the other left ventricular segments (Table 1 and Figure 3) . (Figure 4 ). follow-up, these patients showed a decrease (although not statistically significant) in outflow tract size, whereas patients without development of SAM showed a slight but not significant increase. Consequently, the difference in outflow tract size between the two groups became even more pronounced at the most recent evaluation, i.e., significantly smaller in those patients who developed SAM.
In this regard, the seven study patients who developed SAM and subaortic obstruction (as well as 16 of the 19 control patients with HCM who did not) showed a striking increase in overall left ventricular wall thickness during follow-up. Of note, however, those patients who developed SAM showed a particular disproportionate increase in the thickness of the basal portion of anterior septum in contrast to those patients without development of SAM and subaortic obstruction who showed a substantial and predominant increase in the distal portion of ventricular septum below mitral valve level. These findings suggest that it is not the progression of left ventricular hypertrophy per se that is a determinant of outflow obstruction but rather the precise location of the predominant wall thickening process. Furthermore, analysis of the temporal sequence of events in the study patients who developed SAM demonstrated that the greatest increase in basal anterior septal thickness preceded the appearance of marked SAM, suggesting that such selective and disproportionate increase in wall thickness may have played a causal role in the development of outflow obstruction.
Implications. The findings of our study have important clinical and pathophysiological implications. First, the demonstration that SAM and dynamic subaortic obstruction may be absent at the initial evaluation of young patients with HCM but can subsequently develop indicates that definite assessment regarding the presence or absence of subaortic obstruction cannot be made in an individual patient until full body growth and maturation are achieved; furthermore, because left ventricular outflow obstruction is a major determinant of Our observations regarding the development of outflow obstruction are unavoidably based on a relatively small number of patients. This is due to the fact that HCM is an uncommon disease, it is less commonly identified in children than in adults, and the majority of HCM patients do not develop subaortic obstruction.' For this reason, we cannot be certain that our findings regarding the mechanisms by which outflow obstruction develops are applicable to all patients with the obstructive form of HCM. Nevertheless, the ultimate morphological appearance of the left ventricle in our patients who developed SAM was similar in several important respects to that of most other patients with the obstructive form of HCM, i.e., reduced outflow tract size,5,24 anteriorly positioned mitral valve,S and substantial hypertrophy of the basal anterior septum,19.24 suggesting that the observations in this report probably describe in large measure the mechanisms involved in the pathophysiology of dynamic outflow obstruction characteristic of most other patients with obstructive HCM.
Conclusions
The present study demonstrates that SAM and subaortic obstruction can develop de novo in patients with HCM during the adolescent years. This phenomenon is the consequence of a dynamic process of remodeling in left ventricular geometry characterized by progressive narrowing of the left ventricular outflow tract, anterior displacement of the mitral valve within the cavity, and disproportionate thickening of the basal anterior sep- tum. These findings may have important implications for the understanding of the pathophysiology of dynamic subaortic obstruction in HCM and also for the natural history and serial clinical evaluation of young patients with this disease.
